Elected F.R. S. 1957 By W.F.J. C u t h b e r t s o n a n d J.E. P a g e ERNEST LESTER SMITH, ELS or Lester to his associates, but known as Ernest to his mother and father, divided his life into three separate activities: science, theosophy and horti culture. As a scientist he will be remembered for his work on the kinetics of soap making, the wartime production of penicillin and for the isolation from liver of vitamin B12, then known as the anti-pernicious anaemia factor.
He received many honours for his scientific work, including the Gold Medal in Therapeutics of the Worshipful Society of Apothecaries in 1954, but he sincerely felt his greatest honour was the Subba Row Medal, 'the most prestigious award within The Theosophical Society' presented for his theosophical publication ' (B)*. He derived great personal pleasure from horticulture and so especially enjoyed the award of the Lindley Medal of the Royal Horticultural Society for a display of double auriculas. 
Forebears
Lester had no particularly distinguished ancestors or relations -the family was not wealthy. His great-great-grandfather was from Scottish farming stock; his great-grandfather, Joseph Smith, was a tea merchant in Liverpool.
Joseph Lester Smith (1819-1896), his grandfather, had Quaker inclinations and was the Town Missioner for Margate, where he ran a mission hall and was supported by various denominations while his wife Alice ( n e eS avery 1842-1932) organized bore five sons and one daughter.
In 1880 Joseph's family moved to Kentish Town where began the link with the Idris soft drinks company. Joseph's fourth son, Lester Davis Smith (1877 -1962 , who became Lester's father, attended the Wesleyan Middleclass School in Kentish Town and then joined the Idris Co., first as a clerk but ultimately to became the manager of Caspar Ltd., a small subsidiary company manufacturing glass and electric display signs for Idris. He was an active person with an exceptionally wide range of interests, and was able bravely to defend his views. As a youth, he was an enthusiastic member of the Band of Hope and, in 1902 , became a vege tarian.
Lester's father married Rose Annie Nettleton in 1902. It was a happy rela tionship; Rosie supported him in many of his activities, especially during the difficult times they were to experience.
Their only child, Ernest Lester Smith, was bom at Teddington on 7 August 1904. Lester's father was unusual in several ways. From his boyhood onwards, he read voraciously, Darwin, Huxley, Haeckel, Homer, Milton, Defoe and the Penny Poets, with many others besides, and encouraged his son to indulge in the same way. He played an active part, for many years, in the Adult School Movement, where he discussed and lectured on ethics and religion as well on social and economic problems. He published several articles as a free lance journalist but studied especially many religions. He participated in the services of numerous sects, ranging from the Quakers and Peculiar People to spiritualist's seances and Roman Catholic High Mass. A major regret was that the absence of mosques made it impos sible for him to experience Moslem forms of worship. Ultimately, in 1914, he, and soon after his son became theosophists 'for whom belief is an individual matter' and 'with the light that theosophy brings, so is revealed the divine plan of the Universe'.
As Lester pere's enthusiasms developed with maturity so the ties between him and the rest of his family diminished, probably because his eccentricities were regarded as abnormal behaviour, but he did remain on friendly terms with his sister and at least one of his brothers. Lester Davis Smith retired in 1938. In 1940, soon after the death of his wife, he shared a bun galow with his sister until his death. Whatever his failings may have been he was a man of considerable enterprise and courage. In May 1914, he joined a group of a hundred others, mainly Quakers, and went with them to Berlin to take part in a Conference on AngloGerman reconciliation. As a pacifist and conscientious objector during World War I he helped organize the No Conscription Fellowship and did much to help imprisoned conscien tious objectors. Though not himself incarcerated he did suffer for his views by, for instance, losing his job at Caspar in 1917. The family then found life difficult though Rosie obtained employment to help the family finances until Lester's father was able, with the aid of a loan, to occupy a tobacconist/confectionery shop, the first of several which were in turn to be used as homes and sources of income during the subsequent years.
The vegetarian environment
Though Lester's mother, Rosie, embraced theosophy she was unable to share her hus band's enthusiasm for vegetarian practices, except that during her pregnancy, she avoided all meat so that, if he so wished, her son could sincerely claim not to be indebted in any way to the consumption of animal flesh. At that time vegetarians normally ate some foods of animal origin, milk and eggs for instance, while eschewing flesh foods. It was thus to become an especial delight for the Lester Smiths, both father and son, to discover that vitamin B12 was also the animal protein factor, the substance that now permits vegans, the strictest of vegetar ians, to enjoy full health while totally abstaining from all foods of animal origin, not only flesh foods but also milk, eggs and even honey!
School and early influences
Ernest Lester Smith's schooling was severely interrupted by the frequent moves occa sioned by his mother's restless nature -she could not bear to stay in one house for very long -so the family frequently moved from one flat to another, causing Lester to change schools often. However, Lester was a bright young lad. When he was about 9 years old, he was taken to see the Caspar factory, which his father managed. This visit made an indelible impression. He vividly remembered the ingenious way of deckling glass to allow letters to be printed on glass signs. A large sheet of glass was thickly coated with bone glue, which on solidification, contracted with such force that it tore off flakes of glass with a continuous crackling sound.
During this visit Mr T.R. Stevens, the Chief Chemist at Idris, gave Lester a small slide rule as a gift which Lester treasured almost 80 years later. It was in all possibility this visit that inspired Lester, at the age of 9, to become a chemist when he grew up. There were sev eral other passing interests, but this one stuck, until it was modified when, at the end of his school days, he announced that he wanted to be a research rather than an ordinary chemist! In a school essay, written in March 1916, he wrote When I leave school, I do not wish to keep a chemist's shop, but just have a private laboratory of my own, living on my money in the bank. I do not think I shall marry as a wife would be rather a nui sance to me, and I should not want to leave an experiment to go to meals or to do any domestic duties which she might require. I shall get a good stock of apparatus and chemicals with my money, and get everything as pure as possible, so that if I make an error, I shall know that it is my fault, not that of my chemicals.
Thirty years later, Lester's wife would complain that Lester was often late for an evening meal as he had been delayed by a slow-running chromatograph column.
In spite of school problems caused by frequent family moves Lester won a scholarship in 1916 to go to Wood Green County School where he worked hard, becoming top of the class as well as founding, editing, producing and largely writing six issues of a magazine entitled 'Sense and Nonsense' for Form 3A.
Times were then difficult, especially after 1917, the year when his father became unem ployed because he was a conscientious objector. Lester suspected that his parents often went without food so that he could be reasonably well fed. A studious young man, Lester matricu lated in 1920 and expressed a wish to go to University to study chemistry, but this the family could not afford. Lester then worked for a year in a pharmacy in Museum Street near the British Museum . He travelled daily from the family home, a tobacconist/confectionery shop in Kingston-upon-Thames, to central London, by bicycle, except on the worst days of winter, when he went by train.
Chelsea Polytechnic and youthful interests
In 1921 Lester was able to enrol for the B.Sc. course in physics, chemistry and mathe matics at Chelsea Polytechnic (now the Chelsea Campus of King's College London). The family then moved to the London area on discovering that from a London address he would be eligible for a substantial grant, which greatly relieved the financial pressures on the family. In 1925, at the age of 21, he passed the examination for the Associateship of the Institute of Chemistry (now the Royal Society of Chemistry) and the London External B.Sc. with 1st class honours in chemistry.
Pursuing his ambition to become a research chemist Lester persuaded his parents to allow him to stay at Chelsea for one more year to work for the Master's degree. The project sug gested by his tutor, Dr J.C. Crocker, involved study of the chemical kinetics of the interac tion between potassium m-tolyloxide and aliphatic esters in aqueous alcoholic solution. This task was soon completed and led Lester to suggest two supplementary investigations, one on the determination of small amounts of water in ethanol and the other on the dehydration of ethanol. All these projects were completed within the year and led to three publications (1,2, 3)* in the 1927 issues of the Journal of the Chemical Society.
Lester, like many others in the 1920s, was interested in wireless reception. He built crystal sets to receive broadcasts from the U.K. station 2LO, and more advanced receivers, based on thermionic valves, with which he was able to listen to KDKA, a station broadcasting from North America -a considerable achievement in those days. Lester also won a prize, of £20, from a wireless magazine for the design of an attachment to improve reception. This was manufactured and sold by a commercial company, but without recognition or acknowledge ment, because it had not been patented.
As a student and young man, ELS was a keen attender at theosophical gatherings, such as the 'Star of the East' camp, attended by 3000, at Ommen in The Netherlands. Through this and similar meetings, ELS continued throughout his life to develop his interest in theosophy and vegetarianism, as well as meeting many persons with similar inclinations and left-wing views.
Though deeply involved with these philosophical topics, Lester rarely spoke of them except to his closest associates and sympathizers. To at least one of his colleagues (A.L. Bacharach), his extra-mural activities appeared to to be 'all nuts and Morris dancing'. In January 1926 Lester was lucky enough to secure a post in the Glaxo Department of the Nathan company. The organization that was to become Glaxo was founded in 1873, in Wellington, New Zealand, by Joseph Nathan. The company imported anything for which there was a market in New Zealand. By the turn of the century an office had been opened in London for the import, from New Zealand, of butter and other milk products (DavenportHines & Slinn 1992) .
The sales of Glaxo's babyfood were such that in 1920 premises were opened in Osnaburgh Street, near Regents Park, for the analytical testing and manufacture of this dried milk food. Two qualified chemists, Harry (later to be Sir Harry) Jephcott and Alfred L. Bacharach, were engaged to control and improve product quality. By 1935 the Glaxo Department became a separate subsidiary company, Glaxo Laboratories Ltd, which in 1935 moved into a new factory and laboratories at Greenford. A further change came in 1947 when Glaxo Laboratories became a public company and its parent ceased to exist.
Vitamin D -the anti-rachitic factor
The elimination of dangerous milk-bom infections by the use of dried milk, though wel come, revealed the nutritional deficiencies of cow's milk as a baby food in that many infants * Numbers in this form refer to entries in the bibliography on the accompanying microfiche. developed scurvy, rickets and anaemia unless given appropriate supplements, of fruit or veg etable juice, cod-liver oil and iron. These were all readily available in the home or from the pharmacy, but the use of cod-liver oil was objectionable: it is messy and smelly! Thus great advantages would follow if the active principle of cod-liver oil could be made in a concen trated form, free from the nasty oily smell and administered by the drop rather than the spoonful.
In 1923 Jephcott, while attending the International Dairy Congress in Washington, met E.V. McCollum and was impressed by his findings on the separation of the growth-pro moting vitamin A from the anti-rachitic vitamin D in cod-liver oil. Shortly afterwards Jephcott visited T. Zucker, who had patented the method for extracting the vitamin D from cod-liver oil, and obtained a licence to manufacture the concentrated extract in the U.K. Equally important, Jephcott, with A.L. Bacharach, developed methods for the standardization of vitamin D preparations by rat bio-assay. As a result the Glaxo Department was able to make from cod-liver oil their first pharmaceutical product 'Ostelin' which was also the first standardized vitamin D product. It was prepared at 50 times the activity of a good sample of cod-liver oil and was administered in drops rather than by the spoonful. It did have a slight fishy taste but being dispersed in glycerol it was not oily or unpleasant.
In 1926 the rapidly increasing demands for this vitamin concentrate 'Ostelin' highlighted the need for improvements in the saponification of cod-liver oil and the extraction and purifi cation of the non-saponifiable residue thus increasing yield and product quality.
The Glaxo environment
To Jephcott, recently appointed to manage the Glaxo Department, the young Lester Smith must have seemed admirably qualified for work on vitamin D concentrates: not only had he a 1st honours degree in the needed disciplines but his M.Sc. thesis clearly demonstrated his interest in and ability to carry out, in this specialized field, research of sufficient quality for publication in a refereed journal. Though the salary offered was low, even by the standards of the depressed 1920s, Lester was fortunate in his choice of company in that he was to meet interesting colleagues and intriguing problems.
Jephcott had two major long-term objectives: (a) to improve the quality and facilitate the use of established products; (b) to acquire new products capable of production and profitable sale through the manu facturing and sales organization.
In the following decades these items were to range from infant foods to iron tablets, vita mins, vaccines, X-ray contrast agents and hormones, but the most important to concern Lester were vitamin D, penicillin and vitamin B12. Jephcott's management and ultimately his direction provided opportunities for Lester to show his mettle but there were other interesting and stimulating persons among his associates at the Glaxo Department of the J. Nathan com pany.
Dominant among his half dozen or so colleagues at the Osnaburgh Street establishment was A.L. Bacharach, the food chemist, a scientist (proud to describe himself M.A. Cantab. Food Chemist), who was a charismatic man of many parts. He had a pride in his command of English grammar and syntax, and he was well known to many celebrities in both the arts and sciences. He was to publish books on music and on composers as well as contributing much to original research and many reviews on scientific topics. Bacharach had many friends in senior positions in the Universities and in industrial organizations. He was influential because of his membership of, and offices held in, the major scientific societies concerned with the chemistry of food and medicines. Though full of ideas Bacharach was meticulous in his care to make sure his colleagues were given credit for their contributions. Through his wide sphere of interests Bacharach helped Lester, and indeed all at Glaxo, to meet persons who might be able to assist with their scientific problems. Through his acquaintance with R. A. Fisher and F. Yates, Bacharach was one of the first to use statistical methods for the evaluation of research results -especially important for Lester because many of his investi gations were to depend on careful assessment of biological responses whether by laboratory animals, bacteria or human patients.
M a r r i a g e
In 1931 Lester, now securely employed, contemplated marriage. His parents had not had him christened, believing that this important event should only be undertaken with their son's full understanding. In consequence, Lester was baptized, as an adult person, a few weeks before he and Winifred Rose Fitch (1907 Fitch ( -1989 were married in 1931, at a Liberal Catholic (Theosophist) church in Holloway. Winifred was the second child in a family of three girls and two boys. She was quiet and retiring, but supported and looked after Lester through their 58 years of married life. On marriage Winifred became a vegetarian but she did not join Lester with an occasional glass of wine. There were no children. Lester and Winifred took a house in Pinner, near the laboratory at Greenford, and stayed there until Lester retired in 1964, when they moved to a bungalow with a large garden at Three Oaks near Hastings.
S c i e n t if ic in v e s t ig a t io n s

Hydrolysis of oils and fats
At Glaxo Lester took up the work, started by Jephcott and Bacharach, on the efficient extraction of vitamin A as well as D from fish-liver oils. He devised a method for the deter mination of unsaponifiable matter in oils and fats (5) and, with A.L.Bacharach, showed that the vitamin D in cod-liver oil is predominantly found in an ethanol-soluble form, while vit amin A is present as an ethanol-insoluble fatty acid ester (6, 38). The reaction of antimony trichloride with cod-liver oil and its unsaponifiable fraction received attention and a proce dure for carrying out the blue colour test for vitamin A was described (7). This work was fol lowed by a series of investigations (9, 10, 11) on the analysis, manufacture and stability of pharmaceutical emulsions.
Lester used the term 'achromatic indicator' for a mixture of pH indicators, or of an indi cator and a dye, in which the colour of the one is complementary to that of the other at the mid-point of the indicator's colour change so that, at this, the transition point, the solution is grey, or without visible colour. Lester described the preparation of several such mixtures (8), which, because of their high sensitivity were useful in the titration of coloured, turbid or very dilute solutions and those of polybasic acids. Such indicators were especially valuable at this time, i.e. before the general availability and common use of pH meters.
It is strange that no patents were obtained for any of Lester's findings during this period even though much of the work was clearly of considerable economic value. At this time he was also a trouble shooter, investigating things that went wrong during production.
While pursuing his researches on the extraction of vitamins A and D from fish-liver oils, Lester realized that his work, on the cold saponification of these oils and on the solvent extraction of unsaponifiable matter containing the vitamins, might provide material for development into a doctoral thesis. He was granted leave of absence for this purpose, regis tered for a Ph.D. with London University and returned to Chelsea Polytechnic for 6 months. Then having exhausted his savings, he returned to Glaxo, and, in 1931, using borrowed money, he married! After three strenuous years, working full time at Glaxo and part time at Chelsea, his work was published (14, 15, 16, 17 ) and presented, not for the Ph.D. as was originally intended but, on his tutor's recommendation, for a D.Sc., which was awarded in 1933.
Lester regarded his elucidation of the solvent properties of colloidal soap and of its effects on the saponification of oils and fats by aqueous alkali as his best work.
Professor J.W. McBain, F.R.S., had previously suggested that the reaction was heteroge neous but Lester was unable to explain his results on the lines proposed by McBain and so postulated an auto-catalytic homogeneous reaction in which the product, a soap, acted as sol vent for both oil and alkali. Lester's postulate emerged from his kinetic studies of the cold saponification of oils with concentrated alkali. Stirring would be expected to increase inter facial area and so accelerate a heterogeneous reaction. Lester's experiments, however, showed strong monocatalysis even though no stirring had been applied after the initial mixing of oil and aqueous alkali. Lester's ideas on saponification in colloidal systems were developed further in a later paper (29). His ideas were soon recognized by McBain and others in the field.
From phase rule studies on such systems, Lester devised a mixture, comprising sodium oleate, sodium chloride, ethyl acetate and water, which, when mixed in the right proportions, formed four immiscible liquid layers; five appeared if mercury was included (13). The system, when kept in a sealed tube, was stable for at least two years (20).
Vitamin research
In 1929 Glaxo acquired a licence from the Wisconsin Alumni Research Foundation to use the Steenbock patent for the manufacture of calciferol (vitamin D2) by the irradiation of ergosterol. Pure crystalline calciferol was isolated in 1930-32, and was thereafter used as the basis for 'Ostelin'. Lester and Bacharach recorded the physical properties of ergosterol and calciferol (18, 23, 26) and undertook a chemical evaluation of the then-known vitamins (21). Lester was later involved in the irradiation of 7-dehydrocholesterol and the production of vit amin D3 (31).
Lester's other interests in the 1930s included studies of the effect of solvents on the ultra violet spectrum of vitamin A (25) and of the effects of fatty peroxides and of light on this vit amin (27, 28) . Measurements on citrus fruits and manufactured citrus products, such as marmalade, showed the peel was richest and the pips poorest in vitamin C (22). Lester and Bacharach undertook measurements on the analysis and evaluation of vitamin A-free basal diets (19) and on the vitamin content of avocado pear oil (24), while comparisons were made of the different methods proposed for the estimation of vitamin E activity (30).
Liver extracts
G.R. Minot and W.P. Murphy's discovery in 1926 that pernicious anaemia could be suc cessfully treated by daily administration of about 250 g of raw, or lightly cooked, liver opened an exciting field of research. At that time pernicious anaemia was an incurable and fatal disease. Intensive efforts were therefore made to extract the anti-pernicious anaemia factor from liver to provide purified extracts, which could be conveniently administered either by mouth or by injection.
In 1935 P. Laland and A. Klem of the Norwegian pharmaceutical company Nyegaard and Co. devised a method for making a purified liver extract, which was therapeutically active in inducing remission in pernicious anaemia patients and was painless on injection (Laland & Klem 1936) . Glaxo obtained a licence to manufacture the extract and, in September 1936, Lester was sent to Oslo to master the process. The Nyegaard directors were kind and helpful, but Lester noted in his letter of 12 September 1936 'they appear to have taken fright at the news that I don't eat meat and decided that the safest place for me is a vegetarian sanato rium'. The procedure was duly commissioned and the extract, made at Greenford, was mar keted in 1937 under the name 'Examen'. Lester's intention to improve the cumbersome process and, possibly, to isolate the active principle, was halted at the outbreak of World War II. Liver extract manufacture was maintained during the war by W.J. Hurran, W.B. Emery and L.F.J. Parker, who made a systematic study of the steps involved and instituted changes which led to reduction in batch to batch variation.
War-time work at Glaxo
At the outbreak of war in September 1939, Lester was diverted to development work on production of medical products, such as thiamine, stilboestrol and radiological contrast agents.
Penicillin
In 1941, soon after publication of the classic paper by E. Chain, F.R.S., and H.W. Florey, F.R.S., on the likely utility of penicillin, Glaxo started work on possible production methods. From 1942 problems related to the manufacture of penicillin became Lester's main concern. In January 1942 the Therapeutic Research Corporation (TRC), comprising Boots, BDH, Glaxo, May & Baker and Wellcome, was formed to pool research on topics such as peni cillin; ICI participated later.
The Ministry of Supply in October 1942 set up the General Penicillin Committee to facili tate penicillin production, while in 1943 the Medical Research Council formed the optimisti cally named Committee for Penicillin Synthesis (CPS) to coordinate research undertaken in British laboratories and to liaise with American Institutions. The confidential reports from this Committee, which were issued by and exchanged between the participating laboratories, were known as the CPS reports. After the war, these 698 reports were collated in a mono graph (Clarke, Johnson & Robinson, 1949) .
Though with no previous experience of fermentation technology, but with help from Professor H. Raistrick, F.R.S., of the London School of Hygiene and Tropical Medicine (who supplied the first cultures of Penicillium notatum) and from research undertaken at Greenford, Glaxo established and operated surface-culture plants in a milk factory at Aylesbury, a rubber vulcanizing factory at Watford and a cattle food factory at Stratford in east London.
Lester rode from factory to factory on a motor bicycle to identify and to overcome pro duction problems at the different sites. The Glaxo factories, despite shortages of staff, plant and materials, as well as the effects of enemy action, provided more than 80% of the British penicillin available on D-day in 1944.
In January 1946, Glaxo's first submerged culture plant at Barnard Castle came on stream using 'know how' provided by Merck and Squibb, and was soon followed by other similar factories. Their success led to the rapid closure of the surface culture plants.
Penicillin researches
Lester's work on penicillin was wide ranging. In addition to day-to-day investigation of production difficulties he examined the biosynthesis of penicillin as well as the preparation and stability of crystalline penicillin preparations. These researches were often carried out in parallel with independent studies in other British and American laboratories.
Lester pioneered the preparation and use of penicillin labelled with 35S, which proved invaluable in work on many aspects of penicillin biosynthesis and utilization. His observa tion with A.E. Bide (later Sir Austin) that addition of corn-steep liquor to a synthetic fermen tation medium induced formation of benzylpenicillin (penicillin G) rather than 2-pentenylpenicillin (penicillin F) suggested a biosynthetic precursor. Addition of phenylacetamide, phenylacetic acid or benzyl cyanide at an optimum concentration of about 0.05% nearly doubled penicillin yields. Compounds such as phenylpyruvic acid and phenylacetaldehyde were less effective. He showed that the phenomenon was due to the partial synthesis of benzylpenicillin and not merely to the plant growth-promoting properties of phenylacetic acid and related substances. Phenylacetamide induced formation of benzylpenicillin in a syn thetic medium that otherwise gave 2-pentenylpenicillin. P-(/?-Fluorophenyl)ethylamine led to p-fluorobenzylpenicillin (32, 33, 39, 46) , thus supporting Lester's comment that 'there is reason to expect that other penicillins will be amenable to biosynthesis by the use of appro priate compounds to introduce their side chains into the molecule'. Chemical synthesis has since, however, replaced biosynthesis as a method for the preparation of novel penicillins.
Lester tested many substances that might function as intermediates for other parts of the penicillin molecule. Of all the inorganic and organic sulphur compounds examined, sulphate was the most effective precursor for stimulating growth and penicillin production. Lester and A.E. Bide did much to improve yields of crystalline penicillin from the harvested fermenta tion broths. A study involving tests with 50 organic bases showed that A-ethylpiperidine and cyclohexylamine provided the best yields of good quality crystalline salts of benzylpenicillin (35, 40) . Investigation of penicillin stability showed that aqueous solutions of sodium peni cillin buffered at pH 6, lost activity according to a first-order reaction. Poorly buffered solu tions became acid and deteriorated autocatalytically.
Heavy metals destroy penicillin while substances such as sodium hexametaphosphate pro tect it from hydrolytic destruction (37).
Lester gave a notable account of penicillin production in Britain during World War II (36), and gave the opening address on chemical and physical methods at the first symposium on techniques for penicillin assay (42, 45).
Lester's interest in penicillin labelled with 35S arose from a study, undertaken with D.
Rowley (St Mary's Hospital, Paddington), of penicillin uptake by bacteria (48, 57, 60) . Labelled penicillin of high specific activity was prepared by fermentation in a synthetic medium in which sulphate containing 35S was the only source of sulphur (60, 76). The quan tity of penicillin that became attached to staphylococci under different conditions was mea sured and the uptake most probably responsible for antibacterial activity was identified. This uptake appeared to be caused by a direct chemical reaction with a cellular component, pre sent only in minute amounts in resting bacteria but which, during growth, increased in quan tity, or availability for reaction with penicillin (60). In further experiments Lester established, by paper chromatography of labelled penicillins (72), the validity of the bioautographic method of R.R. Goodall and A.A. Levi for assessing natural penicillins in mixtures.
Long-chain aliphatic tertiary amines
In 1943 Lester studied a series of long-chain aliphatic tertiary amines, such as methyl dioctylamine, which had been prepared by colleagues and tested for activity against Mycobacterium tuberculosis but shown to be inactive in vivo. Lester found these substances had acid-binding properties similar to those of anion-exchange resins. These characteristics of this series of bases depended on the fact that their salts with mineral acids were almost insoluble in water but were readily soluble in organic solvents such as chloroform. The amines were used, experimentally, in the purification of penicillin and for the removal of mineral acids from acid-hydrolysates of proteins. At that time protein hydrolysates were pro posed (though soon proved useless) for relief of malnutrition in liberated Europe, notably among the emaciated concentration camp victims. Experiments on the extraction of organic acids from biological materials and fermentation liquors and on the recovery of metals, such as chromium and vanadium, gave promising results. Lester's interest in these long chain amines flagged long before publication of this research in 1948 (41). It therefore came as a great surprise when, in 1952, papers started to appear from Oak Ridge National Laboratory and other establishments on the use of the technique for, inter alia, separation of niobium and tantalum as well as for the extraction of uranium, i.e. applications far distant from those for which the amines were originally prepared. In 1989, this 1948 paper (41) became a 'cita tion classic'. The methods employed still find uses in biochemical, geological and metallur gical analyses, an interesting example of serendipity!
Post-war researches
Vitamin Bn
The story of the search for the anti-pernicious anaemia factor and of the ensuing study of vitamin B12, up to 1964, is recounted in Lester's highly readable monograph, the third, and unfortunately the last, edition of which (113) appeared in 1965.
Lester resumed his search for the anti-pernicious anaemia factor in 1946. During the war significant improvements in the clinical activity of liver extracts had been made at Glaxo. At these laboratories W.J. Hurran and W.B. Emery had submitted proposals for defining a unit of anti-pernicious anaemia activity, while W.B. Emery and L.F.J. Parker had obtained mat erial that gave a full haematological response at a dose of 1 mg and was thought to be 'almost pure' (Emery & Parker 1946) .
Progress had been severely restricted by the lack of testing facilities. The only method for assessing the effectiveness of extracts was by clinical trial on pernicious anaemia patients in relapse. Few patients were available for such tests. It was essential that the patient was not too ill and that there was a reasonable confidence that the test extract would have clinical activity. Research was therefore necessarily slow with few opportunities to compare the activity of different fractions. Much credit should be given to C.C. Ungley who, through his specialization in problems of anaemia, was able to treat patients from a wide area and in doing so was able to improve the clinical evaluation of liver extracts and recovery of those patients with pernicious anaemia (Ungley 1949) . The number of tests that could be carried out was still severely limited, to one or two per month on average.
Lester was assisted by L.F.J. Parker and K.H. Fantes, and later, by Dorothy E. Gant. The big step forward came when Lester adopted partition chromatography, a technique recently devised by A.J.P. Martin, F.R.S., and R.L.M. Synge, F.R.S. Lester used silica as the sup porting solid for the aqueous phase, and n-butanol, containing 11% water, as the mobile phase. Under these conditions, adequately purified liver extracts separated into fast moving yellow zones that quickly developed out of the column, nearly colourless fractions, a slow moving pink zone and a dark brown zone near the top of the column.
In August 1946, Lester in an internal report to Jephcott stated that clinical activity appeared to be associated with the pink zone and concluded with the highly significant state ment that 'the pink zone is the active one'. Further work confirmed this observation. Visiting members of Merck research staff in July 1947 were informed of the progress. The visitors expressed great interest, but stated that their laboratories were not nearly so far advanced.
Without doubt what they saw and learned encouraged them to redouble their efforts. Unfortunately work at Greenford was delayed by a series of set backs, such as the false assumption that a new fractionation technique, proven with one particular extract, could be applied to rather more crude material. Nevertheless, the pink material, on repeated chro matography, eventually yielded a fraction that after treatment with trypsin and further chro matography, formed an intensely red preparation. On the 20 May 1948, it crystallized from acetone as needles. The crystals, at doses of 10 pg, were clinically effective in the treatment of pernicious anaemia patients in relapse, while the daily requirement for a pernicious anaemia patient was found to be about 0.5 pg. This vitamin was thus more potent than any vitamin, or indeed hormone, known at that time. Lester's discovery was announced at a Biochemical Society meeting in Oxford nine days later (47, 56).
Lester was, unfortunately, forestalled by Karl Folkers and his team at Merck in Rahway, who had obtained red crystals, which they christened vitamin five months earlier but had delayed publication (Rickes, Brink, Koniuszy, Wood & Folkers 1948) . The anti-pernicious anaemia factor crystals, obtained by Lester, and the vitamin B)2 crystals from Folkers, were soon shown to be identical. The Merck team had help from Mary Shorb's relatively rapid microbiological test, while Lester had been dependent on clinical tests carried out by C.C. Ungley on 80 human pernicious anaemia patients. Great excitement came when a borax bead test on the lavender-coloured ash from a micro-analysis revealed that the red crystals from liver contained cobalt (49).
This observation had implications for other fields. H.R. Marston had already reported that sheep and cattle, reared in Australia and in other parts of the world on pastures deficient in cobalt, suffered from a wasting disease which could be prevented or cured by the oral admin istration of cobalt (Marston 1952) . The injection of vitamin B12 preparations was soon shown to rapidly restore health to stock suffering from diseases induced by cobalt deficiency. It thus became apparent that cobalt deficiency disease in farm stock resulted from a lack of the vit amin, which could not be synthesized in the absence of cobalt. Later it was shown that the vitamin is normally synthesized from inorganic cobalt by the microflora in the ruminant gut. Work undertaken by Stokstad and his team at Lederle revealed that vitamin Bl2 is identical with the animal protein factor, a substance found in the tissues of animals but not in material of botanical origin, and which is essential for the growth and well-being of many single stomached animals e.g. humans, chickens, turkeys and pigs (Stokstad, Page, Pierce, Franklin, Jukes, Heinle, Epstein & Welch 1948) . It is pleasing that Lester, a vegetarian, but not a vegan, should have isolated a substance, now obtainable from non-animal, microbial sources, which permits full health in strict vegetarians. Folkers and his associates at Merck had shown that the animal protein factor is produced during fermentation with either Streptomyces griseus for streptomycin or Streptomyces aureofaciens for aureomycin production, thus opening a route to the commercial production of vitamin B12 at a fraction of the cost of extraction from liver.
Structure of vitamin Bn
Lester and his team started work immediately on the physical and chemical properties of vitamin B12. Eight days after their first isolation, the red crystals were taken, for refractive index measurements, to R.C. Spiller and M.W. Porter in the University Museum at Oxford. A chance meeting with Dorothy C. Hodgkin, F.R.S. allowed her to begin that night her long and fruitful series of X-ray measurements. Sir Alexander (later Lord) Todd, P.R.S., soon started chemical investigations of the new vitamin. It was an exciting time!
The discovery that vitamin B12 contained both cobalt and phosphorus started a rush to label the vitamin, by direct chemical exchange with radioactive cobalt and phosphorus. All attempts failed, indicating that both cobalt and phosphorus were firmly bound in the mol ecule (56). Experiments in which ^Co salts were fed to pigs in the hope that labelled vitamin B12 might be recovered from their livers, provided interesting information on the distribution of cobalt in pigs, but only a negligible amount of labelled vitamin B12 (58). Lester's claim that 60Co can be introduced into the vitamin B12 molecule by direct neutron irradiation (78) was questioned, but was later established by A.G. Maddock and F.P. Coelho. The specific activity of the product was, however, too low for useful experiments.
Lester obtained high activity material by conducting a fermentation with Streptomyces griseus in the presence of radioactive cobalt in a medium otherwise free from cobalt. The vit amin was labelled in this way with all the available radioactive isotopes of cobalt, namely, 56Co, 57Co, 58Co and ^Co (79, 87, 91) . The products were extremely valuable for studies of the excretion and distribution of vitamin B12 in the body and for diagnostic purposes. Care in the interpretation of experiments was, nevertheless, essential because decomposition of the vitamin can produce labelled degradation products which can falsify conclusions (101) . As a refinement of the isotope dilution assay for vitamin Bl2, Lester introduced a paper chro matography step to ensure separation of the vitamin from closely related interfering sub stances (94). Lester introduced 32P into the molecule by fermentation in the presence of radioactive phosphate (79).
Lester's team undertook the first physical measurements on vitamin B12 (56) Merck, who, in 1950 , as the relationship between the various B12 vitamins became clearer, suggested the term 'cobalamin'. Vitamin B12c, first described by Lester, was identified as nitrocobalamin (80). As other analogues were prepared, a systematic formulation of the Bl2 vitamins started to take shape. The system was extended by Lester to cover neutral, basic and acidic cobalamins (81).
An ultraviolet spectroscopic method was devised by Lester and his colleagues for the standardization of hydroxocobalamin. Acidic and neutral cobalamins, present as impurities, can be separated from hydroxocobalamin by chromatography on columns of ion exchange cellulose and determined spectroscopically (104). Radioactive hydroxocobalamin was prepared from radioactive cyanocobalamin by photolysis (106).
Work on the structure of vitamin B12, undertaken jointly with Todd's team, included mild acid hydrolysis experiments. These provided, by removal of ammonia from the amide groups, mono-, di-, tri-and tetra-basic acids (83). Further structural information was obtained by alkaline hydrolysis (83, 98) . The acquisition of information on the chemistry of vitamin B,2 progressed steadily for seven years, and in 1955 culminated in the announcement of its full structure in letters published simultaneously in Nature by the active workers at the Universities of Oxford, Cambridge and California and at Glaxo (89).
Coenzyme Bn
Coenzyme B12 was discovered by H.A. Barker and his colleagues at Berkeley (Barker, Weissbach & Smyth 1958) . It is the main component of the vitamin B12 liver reserves in man and is the functional form in most, though not all, of the reactions mediated by vitamin B12. The X-ray crystallographers at Oxford elucidated the complete structure of the co-enzyme before the chemists had completed their studies (Lenhart & Hodgkin 1961 ). Lester's team collaborated with A.W. Johnson, F.R.S., and his group at Nottingham on the chemical synthesis of the coen zyme by reacting a reduced cobalamin with a suitably activated adenosine (107, 110, 111, 112) .
Nomenclature
Discussions on devising a nomenclature system for vitamin B12 and its derivatives were ini tiated at the First European Symposium on vitamin B12 held in Hamburg in May 1956. Lester chaired the Nomenclature Commission, the recommendations of which (97) were, with slight modifications, adopted, in 1957, by the Commission on Organic Chemistry Nomenclature of the International Union of Pure and Applied Chemistry. Small changes were made at the Second Hamburg Symposium in 1960. Coenzyme B12 and its analogues resemble vitamin B12 and can, for purposes of nomenclature, be regarded as cobalamins or cobamides.
Analogues
Vitamin B12 occurs naturally as a family of closely related analogues. Five years after its discovery, a number of red cobalt-containing analogues, whose structures differed in a more fundamental way than do those of the cobalamins, were obtained by S.K. Kon and his col leagues at the National Institute for Research in Dairying at Shinfield and by teams in other laboratories (Kon 1955) . Ultraviolet spectroscopy and microbiological activity indicated that Factor A, the principal cobalt-containing substance in the rumen contents and faeces of calves, was closely related to vitamin B]2. Lester was able to show that the difference was caused by the replacement of the 5, 6-dimethylbenziminazole moiety of vitamin B12 by 2-methyladenine, a purine not previously found in nature (84, 85, 88) . On deamination, Factor A is converted into the naturally occurring Factor H, which on hydrolysis, yields 2-methylhypoxanthine. Lester reviewed the chemistry of the novel purines (95).
Anti-metabolites
Many substances are known which, in different systems, nullify the effect of vitamin B12. Only a few of the known methods of modifying the B12 molecule lead to competitive antago nists. Lester and his team prepared vitamin B12 anti-metabolites by removing at least one molecule of ammonia from the propionamide groups of the Bl2 molecule. The resulting acids showed inhibitory activity, which could be increased by converting the acids into substituted amides of methylamine or of other amines (93, 105). The inhibition indices of the anti-vit amin B12 substances for an Escherichia coli mutant were listed (102). The anti-metabolites were studied to help elucidate the mode of action of the vitamin and to check for possible utility in the treatment of leukaemia and of other malignant conditions. The substituted amide and coenzyme anti-metabolites tested by Lester's team, unfortunately, did not prove active against neoplastic cells (112).
Patents
Lester was the author or co-author of twelve patents related to his work on penicillin, long-chain aliphatic amines, vitamin B12, antibiotic E l29 and osteogrysin. 
R etirement
On retirement in 1964 to Three Oaks, near Hastings, Lester switched his attention to horti cultural and theosophical activities. He specialized in primulas and plant breeding and helped to reintroduce from America gold-lace polyanthus, which had almost died out in England, and two strains of double auriculas, which he intercrossed with Irish doubles. In 1962, he was awarded the Lindley Medal of the Royal Horticultural Society for a display of double auriculas, an award that gave him considerable pleasure. Lester also bred double primroses, polyanthus and gazanias, and was made an Honorary Life Member of the National Auricula and Primula Society. He won many prizes at specialist and general flower shows.
In 1973 Lester was affected by congestive heart failure and had to give up gardening. Lester and Winifred moved to a home for elderly vegetarians in Hastings, where they resided until 1989, when Winifred died suddenly from a massive heart attack. Lester surprised his friends by, at the age of 85, setting up house at Bradfield St George in rural Suffolk with Mrs Sylvine Lloyd, an old family friend who acted as companion, secretary, housekeeper and chauffeuse. He was again able to take up gardening and to enjoy growing vegetables and flowering plants. Following an earlier interest in unidentified flying objects, he started an investigation of com circles. He had, however, become partially sighted and was only able to walk a short distance. The end came suddenly, at home, on 6 November 1992.
T heosophy
Lester's life was dominated by his belief in theosophy. He was introduced to this concept by his father when he was at school and, in 1928, became an active member of the Theosophical Society. For almost 60 years he contributed to the activities of the Science Group of the Theosophical Research Centre in London. He served first as Chairman of the Group and then as Chairman of the Centre. According to the records of the Theosophical Society he was the first theosophist to become a Fellow of the Royal Society. It is of interest that Sir Oliver J. Lodge, F.R.S., published papers on telepathy and that A.R. Wallace, F.R.S. wrote books on spiritualism.
The Theosophical Society, which was founded in 1875, initially to present the spiritual side of man's nature in contrast to the scientific materialism rampant in the nineteenth cen tury, has three objects. Members are required to subscribe only to the first, which is the belief in, and the practice of, universal brotherhood. Most members, however, give assent to the other two, which are the study of comparative religion and of the powers latent in man. In addition, most members study the spiritual framework of theosophical principles. These are derived from ancient Indian scriptures, and were presented to the Society in modern lan guage by spiritual sources, who contacted leading members of the Society.
Lester's principal concern was to seek relationships between modern science and philos ophy on the one hand, and theosophical principles on the other. This endeavour led to several books; the earlier ones, such as The field of occult chemistry (A), were published in collabo ration with other members of the Research Centre. In his early years Lester was attracted by C.W. Leadbetter and Annie Besant's book on occult chemistry, but he found their psychic ability gave pictures of atomic structure at variance with those revealed by orthodox science. However, S.M. Phillips, a theosophical physicist, in a book on the extra-sensory perception of quarks, appeared to reconcile the psychic studies of occult chemistry with the quark theo ries of modem science. Lester wrote Occult chemistry re-evaluated (C) as a simplified ver sion for scientists in other fields. He thought this book was far ahead of its time, but was disappointed when it made little impression on either scientists or theosophists.
A more important venture, undertaken with the Science Group, expounded the theosoph-ical principle that the universe is pervaded by intelligence. Thus, evolution proceeds not by chance but by intelligent design. A book entitled Inner adventures (F) expanded, from Lester's own experiences, the con cept of levels of consciousness. Our last adventure (D) is a simply written book on life after death, and is based on theosophical teachings, out-of-body states and near death experiences.
Lester contributed many articles to The Theosophist and to the Theosophical Science Journal, for which he became responsible in 1957.
In 1963 he was the Blavatsky Lecturer and spoke on 'Science and the Real'. One of his last major contributions, entitled 'Planes, Laya Centres and Consciousness', attempted to correlate theosophical teachings with the tree of life in Kabbalism.
C o n c l u s io n Lester was a modest, studious, intellectually rigorous, retiring person, whose life centred on the laboratory, the garden and, above all, theosophy. At Glaxo, he had the complete confi dence and full support of his senior colleagues, Sir Harry Jephcott, A.L. Bacharach and, lat terly, Dr T.F. Macrae, who did occasionally persuade him of the need to give full credit to his junior colleagues. He was not stubborn and did change his views as circumstances demanded, not only in his scientific approach, but also by, for instance, developing a taste for a little wine or sherry to break the family tradition of abstinence. But, in this, as in all else, he never passed the limits of decorum. Thanks to his father's introduction and to A.L. Bacharach's activities, he, throughout his life, took a serious interest in classical music.
It is perhaps interesting that he, a life-long vegetarian, should, as a physical chemist, extract tons of ox liver in his search for the life-saving anti-pernicious anaemia factor, and that on isolating vitamin Bl2, he should broaden his experience and contribute as a bench worker to the exciting fields that had been opened by his discovery. His commitment to theosophy and his contribution to its literature, came as a surprise to many colleagues and friends.
Lester did much to break down the barriers between those undertaking academic research in universities and those who, like himself, were concerned with the practical application of science in industry. His researches played a critical role in the transformation of Glaxo from a baby food manufacturer to a leading pharmaceutical company.
